SUMMARY 24 children with severe protracted diarrhoea from 10 families, in which at least one sibling was affected, are reported. In two families the siblings were from 1st-cousin marriages, in one family both parents had unaffected children from previous marriages, and in another family the mother had a normal daughter from an earlier marriage. The onset of the diarrhoea was on the first day of life in 12 infants, some time during the first 17 days in 10, and at 13 weeks and 1 year 6 days in the remaining two. In each case the diarrhoea was 'cholera-like'. Investigations failed to show any of the established causes of protracted diarrhoea and 21 (87 5 %) infants died after an illness that had lasted between 12 days and 6 years 38 weeks, despite periods of prolonged intravenous feeding and the administration of a wide variety of pharmacological agents. The 2 patients who recovered appeared to do so spontaneously. 14 (58 %) had associated extra-gastrointestinal or gastrointestinal-related anomalies. Steady-state perfusion studies were performed in the proximal jejunum of 2 patients, and in the colon of one. In both cases the jejunum was in a net secretory state with respect to water, glucose absorption was markedly reduced, and the transmural potential difference was also depressed; in one of these patients fructose absorption was also reduced, and in the other colonic function appeared to be normal. These studies suggest that the diarrhoea resulted from small intestinal secretion overwhelming the reabsorptive capacity of a normally-functioning colon. Although this series of lethal protracted diarrhoea does not represent a single disease entity, the familial pattern suggests an autosomal recessive mode of inheritance for at least one of the conditions.
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We have previously reported a series of 82 cases of protracted diarrhoea in infancy and briefly described 6 patients in whom diarrhoea dated from the newborn period;1 of these 6 patients, 2 were siblings and 2 others had similarly affected siblings. Four of the 6 patients died, giving a mortality rate for the series of 5 %.
We now report 24 cases (including the 4 patients we described earlier), from 10 families in which at least one sibling also had severe protracted diarrhoea. Each patient has presented to one of three hospitals* during the last 14 years, and 22 
Management and complications
Dietary exclusion of disaccharides, monosaccharides, cows' milk, soya protein, or gluten had no effect on the diarrhoea. Intravenous feeding was used in 12 patients (Cases, 1, 2, 11, 12, 15, 16, [19] [20] [21] [22] [23] [24] for periods ranging from 7 days to 50 weeks; in 10 of them stool character and volume remained unchanged despite the fact that they received nothing by mouth. Adrenocorticoids were administered to 11 patients (Cases 2, 5, 6, 10, 11, 15, 16, 20, [22] [23] [24] and were effective in Cases 5 and 6. These 2 patients were sisters from a lst-cousin marriage (family 2) in which all 4 siblings died. Prednisolone (2 mg/kg a day) greatly reduced stool volume but reduction of the dose below 1 mg/kg a day resulted in relapse. The prolonged treatment with high dosage steroids necessary to control the diarrhoea led to severe side effects-such as moon facies, telangiectasia, pathological fractures, cataracts, and muscle wasting. All 4 siblings developed anaphylactic reactions to repeated challenges with a variety of dietary proteins, particularly milk and rice.
In addition to steroids, a variety of other drugs such as oral broad-spectrum antibiotics, disodium cromoglycate, prostaglandin synthetase inhibitors (for example, indomethacin, sulphasalazine), betablockers, antihistamines, cholestyramine, and nonspecific anti-diarrhoeal agents failed to reduce the diarrhoea and did not arrest the progressive deterioration in the condition of the patients. The infant (Case 24) with vitamin B12 deficiency did not respond to high dose parenteral B12. Immunoglobulin injections were without benefit in Case 2 (who had low IgG and IgM). Weekly plasma infusions (17 in all) were given to Case 18 who had defective yeast opsonisation and although the defect was corrected by the infusions there was no reduction in the diarrhoea.
As might be expected, numerous complications related to the disease process or to therapy occurred in the patients. All the previously described complications-1-1 occurred at some stage in the patients treated with intravenous feeding. Case 2 developed a Horner's syndrome caused by bleeding and extravasation of blood from a cutdown incision for placement of an intravenous catheter into the right internal jugular vein; the same patient had a perforation of the inferior vena cava by an indwelling catheter which resulted in a temporary ileus which spontaneously resolved; hypocalcaemic laryngospasm and tetany complicated her illness too.
Discussion
In this paper we report a highly lethal form of familial protracted diarrhoea in 24 patients from 10 families, of whom 20 presented to three hospitals during a period of 14 years. The series consisted of 13 boys and 11 girls and in three sibships there were unaffected siblings; 3 of the parents had unaffected Lethal familial protracted diarrhoea 21 children from previous marriages and there were 2 1st-cousin marriages. This familial pattern suggests a genetic basis for the diarrhoea, inheritance being probably by an autosomal recessive mode, although there may be more than one recessive condition present. A study of the familial pattern of 'idiopathic' protracted diarrhoea is currently in preparation in which the genetics will be discussed at length. Greene None of the established genetically-determined causes of protracted diarrhoea appeared to be operating, and our patients probably represent an heterogenous group with respect to the primary cause of the diarrhoea. There were many features in common: all but 2 of the patients presented within the first 3 weeks of life, the course was relentlessly downhill in the 21 children who died, 11 were below their birthweights at death, and there was a high incidence of extra-gastrointestinal and gastrointestinal-related anomalies. The association of certain anomalies with protracted diarrhoeal states in childhood has been reported by others.18 [21] [22] Cases 13 and 14 showed many of the features of the Smith-Lemli-Opitz syndrome23 including scaphocephaly, low-set ears, retrousse nose, medial epicanthus, broad alveolar ridges, small palpebral fissures, hip dislocation, clenched hands, sacral dimple, cryptorchidism, convulsions, and mental retardation. To our knowledge however, the association of absence of -the corpus callosum and severe protracted diarrhoea has not been reported. Except Perfusion studies were performed in Cases 2 and 24 in an attempt to define the pathophysiological mechanism operating in the genesis of their diarrhoea. In both patients the proximal jejunum was in a net secretory state with respect to water, fructose and glucose absorption was impaired from varying intraluminal concentrations, and PD was reduced. Although no control data are available to compare with the results of colonic perfusion in Case 24, the data are compatible with a normal functioning colon-that is water, sodium, and chloride were absorbed, potassium was secreted into the lumen, and rectal PD was normal; rectal PD was increased in Case 1. These observations suggest that in these 2 patients the diarrhoea resulted from small intestinal secretion of fluid and electrolytes overwhelming the reabsorptive capacity of a normal colon, as occurs in patients with cholera. 26 The mechanisms underlying small intestinal secretion have been under intense investigation in recent years and there is now evidence that the 2 mucosal enzymes, adenylate cyclase and (Na+-K+)-ATPase are fundamental in the regulation of fluid and solute transport across the small intestine, and in the pathogenesis of various diarrhoeal states.27-28 Adenylate cyclase participates in secretion of water and electrolytes, whereas (Na+-K+)-ATPase is concerned with active sodiumcoupled absorption of monosaccharides and aminoacids which creates osmotic gradients for passive water absorption. Since adenylate cyclase and (Na+-K+)-ATPase regulate opposing transport systems, increased activity of the former or reduced activity of the latter will result in a net secretory state.
Certain bacterial toxins, vasoactive intestinal peptide hormone, and prostaglandins activate adenylate cyclase and induce small intestinal secretion; gastrin and calcitonin also stimulate secretion of water and electrolytes.29 (Na+-K+)-ATPase activity is reduced in viral diarrhoea30 and in active coeliac disease there is a paradoxical reduction in (Na+-K+)-ATPase activity with an increase in adenylate cyclase activity which may reflect an increased population of immature surface epithelial cells in this condition.4 In both Cases 2 and 24 (Na+-K+)-ATPase was greatly reduced, whereas adenylate cyclase activity was normal. This finding could account for the secretion of water, malabsorption of glucose, and reduced jejunal PD in these 2 patients and may have been contributory in the pathogenesis of the diarrhoea, but is probably not the sole explanation for the profuse diarrhoea. Serum vasoactive intestinal peptide hormone and calcitonin levels were normal and gastrin levels were only slightly raised. Although prostaglandins were not assayed, the failure of large doses of prostaglandin synthetase inhibitors to influence stool volume mitigates against a role for prostaglandins in the pathogenesis of the diarrhoea. Although we have clearly demonstrated that the jejunum was in a net secretory state and that (Na+-K+)-ATPase activity was reduced in these 2 patients, other as yet undefined mechanisms were presumably in operation.
Protracted diarrhoeal states in children, particularly in young infants, present major problems in diagnosis and management and the underlying pathophysiological mechanisms in many such patients are poorly understood.' Fordtran,31 in a review on the pathogenesis of diarrhoea, concluded by drawing attention to lethal protracted diarrhoea in young infants and proposed that such patients had undefined congenital defects of some kind and represented an important area for further work. Our series of patients supports his proposition and stresses the continuing challenge which these patients present with respect to the pathophysiological mechanisms responsible for their diarrhoea. Moreover, studies directed towards such patients may throw light on the pathogenesis of other diarrhoeal states.
Addendum
Since completing this paper we have observed a further family of three siblings, 2 of whom have developed severe protracted diarrhoea. The first sibling, a girl, died at 2 months 2 weeks from diarrhoea dating from birth. Her brother developed diarrhoea from 12 days which has persisted, and at 1 year 9 months he remains dependent on intravenous feeding; the results of small intestinal perfusion studies were essentially similar to those of Cases 2 and 24. A 7-year-old brother is well.
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